In order to compare the clinicopathological characteristics and survival outcomes of patients with ovarian clear
Introduction
In the USA, ovarian cancer is the most common cause of gynecological cancer mortality. A total of ~22,240 new cases of ovarian cancer were diagnosed in 2018 and there were 14,070 mortalities. In total, 90% of ovarian cancers are epithelial (1) . Clear cell carcinoma (CCC), one type of epithelial ovarian cancer, was initially termed mesonephroid (2) and in 1973, it was officially defined by the World Health Organization as a histologically distinct type of ovarian cancer (3) . In addition to CCC, there are three other major types of epithelial ovarian carcinomas: i) Serous carcinoma (SC); ii) endometrioid carcinoma (EC); and iii) mucinous carcinoma (MC), and each one presents different clinicopathological characteristics and overall survival rates. Thus, histological cell type has been regarded as an important prognostic factor in ovarian cancer. Previous reports have shown that CCC accounts for only 8-10% of all epithelial ovarian malignancies in the USA (4) and the majority of cases are diagnosed at an early stage (stage I-II) (5) ; however, the survival rates of CCC remain controversial. To the best of our knowledge, in the USA, ovarian cancer is one of the leading causes of mortality among female malignancies (6) . The mortality rate of patients with ovarian cancer has dramatically declined by 33% with platinum-based chemotherapy, from 10 per 100,000 in 1976 to 6.7 per 100,000 in 2015 (1), but patients with CCC are resistant to most anticancer drugs (7) . Therefore, it is important to evaluate the prognostic factors of CCC in order to develop optimal treatment strategies. The aim of the present study was to compare the clinicopathological characteristics and survival outcomes of patients with ovarian CCC with patients with other types of epithelial cancer. The prognosis of patients with CCC was more favorable compared
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with patients with SC and worse compared with patients with MC at stage I; whereas, at stage III-IV, the opposite results were observed.
Patients and methods
Patients. Clinicopathological data of women diagnosed with ovarian CCC or other epithelial cancer types between 2004 and 2014 were obtained from the Surveillance, Epidemiology and End Results (SEER) database (seer.cancer.gov). Individuals who did not meet the following inclusion criteria were excluded from the present study: i) ovarian cancer as the first and only cancer diagnosis; ii) pathological confirmation of one of the four types of epithelial ovarian cancer; and iii) pathological data included specific survival time, grade, American Joint Committee on Cancer stage, Tumor-Node-Metastasis stage, ethnicity and cancer antigen 125 (CA125) status. In total, 27,290 patients with CCC, SC, EC or MC were identified ( Fig. 1 ). Data including age at diagnosis, ethnicity, marital status, laterality, grade, stage, surgery, radiation, chemotherapy, CA125 status and survival were analyzed. Patients were divided into two groups based on the age at diagnosis: i) <65 years; and ii) ≥65 years. The ethnicities were categorized into four groups: i) White; ii) black; iii) Asian; and iv) other. The ICD-O-3 histology codes used were 'clear cell' (8310-8313), 'serous' (8441-8442, 8460-8462), 'endometrioid' (8380-8383) and 'mucinous' (8470-8482).
Statistical analysis. Clinicopathological characteristics were compared among groups using Pearson's χ 2 test. The Kaplan-Meier method was used to calculate the patient survival distribution and significance was tested using the log-rank test. The differences in restricted mean survival time (RMST) and landmark analyses were applied to quantify the treatment effect. Multivariate analysis was performed using the COX proportional hazards model. Hazard ratios (HRs) and 95% confidence intervals were reported. A two-sided P<0.05 was considered to indicate a statistically significant difference. The statistical analysis was performed using R version 3.4.3 (R Foundation for Statistical Computing). Tables I and II . Significant differences were found in the age at diagnosis, ethnicity, marital status, laterality, grade, stage, surgery of primary site, lymphadenectomy, radiation, chemotherapy and CA125 status by comparing the four types of epithelial ovarian cancers. As shown in Table I , the median follow-up time was 58 months. Patients with CCC showed a younger age at diagnosis (79.9% <65 years), especially compared with patients with SC (57.1%) (P<0.001). Patients of white ethnicity accounted for the large population of patients with EC (83.7%). The proportion of CCC was significantly increased in patients of Asian ethnicity vs. white, black and other ethnicities (19.4 vs. 8.2, 5.1 and 9.8%, respectively; P<0.001). The tumors of patients with CCC were more likely to be located on one side of the ovary (84.8%), which was similar to EC (79.7%) and MC (83.3%), whereas SC tumors exhibited the opposite trend. Patients with CCC and SC presented primarily grade III and IV poorly differentiated tumors (53.6 and 66.4%, respectively) compared with patients with EC (29.9%) and patients with MC (12.9%). Stages I and II accounted for 68.7, 74.7 and 73.4% of CCC, EC and MC cases, respectively. However, ~83.2% patients with SC presented an advanced stage (stage III-IV). In total, 58.5% of patients with CCC presented stage I tumors. Stage T0-1 was found in 62.1% of patients with CCC, 59.8% of patients with EC, 69.1% of patients with MC and 11.2% of patients with SC (P<0.001), but the majority of patients with SC (77.2%) presented at T3 stage. Of all patients, 93.5% had primary surgery and overall, patients with CCC were more likely to undergo a lymphadenectomy or lymph node biopsy (74.4%). Radiation was rarely performed in all patients. Elevated CA125 levels were observed in 57.6% of CCC, 60.7% of EC, 49.5% of MC and 75.6% of SC cases.
Results

Demographics and clinical characteristics of the study popu
Comparison of survival rates between CCC and other epithelial cancer types.
Patients with CCC, EC, MC and SC had 5-year overall survival rates of 63.6, 76.7, 67.8 and 39.8%, respectively, and disease-specific survival rates of 66.4, 80.3, 71.4 and 42.4%, respectively. Kaplan-Meier plots were used to evaluate overall survival (OS) and disease-specific survival (DSS) rates in these four histological subtypes of epithelial ovarian cancer ( Fig. 2 ). As the plots illustrate, OS and DSS were both lower in patients with SC, suggesting that patients with SC had the poorest prognosis. Furthermore, patients with EC had the best prognosis of the four patient groups and there was not a significant difference between CCC and MC prognoses. When adjusted for stage through pairwise comparison ( Figs. 3 and 4 ), the OS rate of patients with SC and 8.43 months, respectively) ( Fig. 4C and D) . The 5-year OS and DSS rates are presented in Table II . In the overall study group, the 5-year OS and DSS rates of patients <65 years vs. those ≥65 years were 57.9 vs. 34.1% (OS) and 59.9 vs. 38.2% (DSS), respectively. Patients of Asian ethnicity had a slightly increased 5-year OS and DSS rates compared with patients of white and black ethnicities (OS, 58.9 vs. 49.0 and 38.3% and DSS, 62.1 vs. 51.9 and 41.5%, respectively). Tumors only on one side indicated was associated with a more favorable prognosis compared with those on bilateral or paired sides (OS, 61.4 vs. 36.2%; DSS, 64.8 vs. 38.5%). Women with grades I-II, III and IV had 5-year OS rates of 69.4, 42.2 and 43.5%, and 5-year DSS rates of 73.0, 44.9 and 45.7%, respectively. Patients who underwent lymphadenectomy or lymph node biopsy had a 5-year OS rates of 61.7% and a 5-year DSS rate of 64.3%. Chemotherapy did not influence the prognosis. CA125 served an important role in the survival of ovarian cancer patients and the 5-year OS was 43.8% in CA125-positive patients vs. 78.8% in CA125-negative patients.
A multivariate analysis using the Cox proportional hazards models was performed to investigate the effects of prognostic factors on OS and DSS rates (Table III) . For both OS and DSS, older age at diagnosis, higher grade, advanced stage, lack of surgery and higher CA125 levels were associated with poorer outcomes (P<0.001). Compared with CCC, the prognosis of EC was more favorable, whereas no significant difference was found between MC and CCC, which was in line with the subgroup analysis. The prognosis of SC was more favorable compared with that of CCC in the multivariate analysis but poorer in the subgroup analysis.
Discussion
CCC is a rare tumor of the ovary, accounting for >5% of all ovarian cancers and 10% of epithelial ovarian cancers in western countries (8) . Multiple previous studies identified that a relatively high incidence of early-stage disease, large pelvic mass, association with endometriosis and higher incidence of lymph node metastasis are features of CCC that differ from other epithelial types of cancer (4, (9) (10) (11) . The features associated with CCC prognosis remain unclear due to the small number of patients examined in previous reports. Therefore, in the present study, the clinicopathological and prognostic features of CCC were retrospectively investigated in the SEER database and 2,424 cases of CCC were compared with 24,866 cases of other epithelial cancer types. The present study found that patients with CCC of the ovary tended to be diagnosed at a young age, with a unilateral mass, at an early-stage of the disease and at a high disease grade, and most of the patients with CCC were negative for CA125 and prevalently of Asian ethnicity. The present results were partially in line with certain previous studies. Sugiyama et al (12) examined 101 patients with CCC, including 48.5% at stage I. In addition, Chan et al (13) reviewed 1,411 patients with CCC and 56.3% were at stage I. In a previous study by Rauh-Hain et al (14) , stage I and II were reported in 48.4% of the 121 patients with CCC examined. Regarding prognosis, patients with SC had the poorest prognosis among all patients with epithelial ovarian cancer and no significantly different survival rates were found between patients with CCC and MC in the present study. However, subgroup analysis based on stages found that patients with CCC presented a more favorable prognosis compared with patients with SC and a poorer prognosis compared with patients with MC at stage I, whereas for stage III-IV, the analysis identified opposite results. Since most patients of CCC were <65 years and presented unilateral pelvic mass at early stage, their prognosis was more favorable compared with patients with SC. However, the prognosis of patients with CCC at an advanced stage was poorer compared with that of SC, which might be associated with the resistance to platinum-based chemotherapy (15) . Additionally, probably due to the susceptibility of CCC to frequent and early recurrence (12) , the prognosis of patients with CCC was poorer compared with that of patients with MC at early stages. The reason for poor prognosis of advanced MC has been previously suggested to be caused by the aggressive features of MC, chemoresistance or both (16) (17) (18) . Similarly, Chan et al (13) analyzed 1,411 patients with CCC and showed that the 5-year DSS rate of patients with CCC was poorer using subgroup analysis of disease stages. In addition, Kennedy et al (4) identified that patients with CCC at stage I-II had similar survival (4, 9, 14, 19, 20) . Platinum in combination with paclitaxel is the standard chemotherapy regimen for the treatment of epithelial ovarian cancer (21) . However, in the present study, epithelial ovarian cancer did not seem to benefit from chemotherapy, with a 5-year OS rate of 45.7% (with chemotherapy) vs. 57.5% (without chemotherapy/unknown) and a 5-year DSS rate of 48.1% (with chemotherapy) vs. 62.3% (without chemotherapy/ unknown). Similarly, the study by Trimbos et al (22) identified that there was no benefit to adjuvant chemotherapy in early-stage ovarian cancer. Additionally, another previous study observed that adjuvant chemotherapy had no impact on patient survival in the cohort of patients with epithelial ovarian cancer (23) . In the present study, patients with CCC who underwent chemotherapy had a slightly higher 5-year OS and DSS rates compared with patients with MC and SC. Nevertheless, a series of reports identified that CCC has a poor response to platinum-based therapy compared with other epithelial cancer types (12, 24) . One of the limitations of the present study is that the chemotherapy variable provided by SEER is limited to two categories: 'Yes' and 'no/unknown', so the specific chemotherapy regimen is unknown, which may have influenced the present results.
The use of radiation therapy was uncommon and only 1.4% of patients underwent radiation therapy in the present study. Previous studies showed that patients after surgery could benefit from whole abdomen radiation therapy as adjuvant therapy (25, 26) . However, over time, the use of radiation therapy decreased due to the development of effective chemotherapy regimens. Patel et al (27) observed that individuals with stage I-III CCC, MC and EC who were treated with adjuvant radiation therapy had lower 5-year DSS and OS rates compared with those who did not receive radiation therapy, but only 3% of cases were treated with adjuvant radiation therapy, indicating that the results were inconclusive.
Previous studies showed that CA125 could be a significant prognostic factor of epithelial ovarian cancer (28, 29) . In the present study, the rate of patients with CCC who were negative for CA125 was increased compared with in patients with SC (19.4 vs. 5.2%, respectively) and the 5-year OS and DSS rates of patients with CCC who were CA125-negative were increased compared with patients with SC (OS, 82.1 vs. 67.6%; DSS, 84.6 vs. 70.2%).
In conclusion, the present study suggested that patients with CCC of the ovary tended to be diagnosed at a young age, with a unilateral mass, at an early-stage of the disease and at a high disease grade, and most of the patients with CCC were negative for CA125 and primarily of Asian ethnicity. In general, patients with SC had the poorest prognosis among all patients with epithelial ovarian cancer and no significant survival differences were found between patients with CCC MC. However, after adjusting for the stage, the results were different. For patients with OS and DSS, older age at diagnosis, higher grade, more advanced stage, lack of surgery and higher CA125 levels were associated with poor outcomes. Additional limitations of the present study were the following: i) The amount of information regarding the clinicopathological characteristics of epithelial ovarian cancer may be insufficient; and ii) in contrast with prospective studies, cases extracted from the SEER database were not revised by a single pathologist and were possibly prone to misclassification. Therefore, randomized clinical trials must be performed to determine the prognostic factors of CCC and to identify effective treatments in order to improve the survival rates of patients with ovarian cancer.
